The Scope of the Report The genesis, history, and achievements of the Association of British Chemical Manufacturers' research scheme for the investigation of tumour of the urinary bladder in a section of the chemical industry have recently been described in some detail by the Association (1953) . The present paper is the result of a five-year field survey of the problem conducted in the factories of, and amongst the workpeople employed by, a group of interested member firms of the Association which had contributed towards the cost of the research. Part I has been written in two sections, the one, in narrative form, is the report proper and does not presuppose any detailed medical or statistical knowledge on the part of the reader; the other is an appendix where some of the statistical manipulations to which the data have been subjected are set out in full. In Part II, which will be published in this journal shortly, the results relating to auramine or magenta reported herein will be considered in more detail. Both parts have been used as a basis for the recent legislation whereby tumour of the bladder occurring in certain occupations has been prescribed for benefit under the National Insurance (Industrial Injuries) Act (Statutory Instru-ment. No. 1740 , 1953 .
It was laid down in the terms of reference that the function of the field survey was to establish whether the manufacture or use of aniline, benzidine, dogs, and Bonser (1943) confirmed these observations using a partially purified product. No convincing evidence of induction of bladder tumours by aniline, cx-naphthylamine or benzidine in dogs or other animals has yet been produced although Baker (1950) claims bladder tumours in mice from 3: 3' dihydroxy 4: 4' diaminodiphenyl which he considered to be a metabolite of benzidine; and Spitz, Maguigan, and Dobriner (1950) have induced tumours in other situations with benzidine itself. The evidence that pure 3-naphthylamine or one of its metabolites are the only active carcinogens concerned in the production of tumours by this substance is not yet completely convincing, despite the work of Bonser, Clayson, and Jull (1951) who induced bladder tumours in mice by implanting paraffin wax pellets containing 2-amino-I-naphthol into the bladder, since Case and Pearson (1952) have demonstrated carcinogenic impurities in commercial 3-naphthylamine and in what had previously been considered as " pure" 53-naphthylamine. For the purposes of this report, therefore, the terms aniline, benzidine, and naphthylamine will mean these substances as encountered in industrial practice, and will not mean these substances as pure chemicals in the sense that an organic chemist might use such a term. Goldblatt (1947) and Muller (1949) have reviewed the risk in industry at length, and Bonser (1947) has ,discussed the experimental aspects of the problem.
Sources of Information
The following sources of information have been available:
Cases of Bladder Tumour in the Industry.-This is found in cases reported by firms; cases found in hospital records and confirmed by firms; cases found in hospital records and confirmed by the patient or near relative; cases found from an examination of death certificates where the chemical industry was mentioned as the occupation of the deceased; cases found from a cross-check between a nominal roll of persons known to be at risk and all the names collected by the means listed above; cases found in coroners' records.
The Populations at Risk.-The firms participating in the scheme were asked to provide a nominal roll of all workers known to have had any contact with aniline, benzidine, ao-naphthylamine or 3-naphthylamine, stating the age of the worker and the dates between which he was exposed to these substances. Limitations of the Statistical Analysis The accuracy of any statistical analysis is limited by the accuracy of the information upon which it is based. In the present study it often happened that the only data now in existence are those provided by the participating firms, and such data were not recorded for this purpose. Although such information has been examined most carefully as to its validity before incorporating it in this report, and where corroborative evidence, such as coroners' and factory inspectors' reports, was available, such additional information was always sought, the underlying possibility of inaccuracy must be borne in mind in interpreting the results.
There will be a tendency for the information to become less reliable as the period for which it is collected becomes more remote, and, as with some other occupational hazards which also occur in the general population, some of the cases which should properly have been assigned to occupational causes will have escaped notice as such, especially in areas of the country where medical opinion has not been focused on the hazard.
In the statistical analysis, only cases appearing on the nominal roll are used, and care was taken to ensure that no cases were placed on the nominal roll solely because it was known that they had developed a tumour. Thus, although in more remote times the nominal roll itself is too small, the tendency will always be to underestimate the industrial hazard through failing to trace all cases.
Certain conclusions drawn have only a statistical significance, with which implication the word is used in this report, therefore extrapolation from these conclusions should only be made with caution. For example, it will be shown that there is a slightly increased tendency for men entering the hazardous occupation at a more advanced age to develop tumours than for men entering at an earlier age. This does not necessarily imply any biological difference in susceptibility since, for instance, it could be explained on the hypothesis that older entrants are given more responsible jobs which would necessarily involve more exposure to the dangerous material. It is convenient here to depart from a logical sequence of development, and to discuss an indication the justification for which will be dealt with more fully later. This is that the age of death was 51 in the one dead case in Group III, and that the age of onset was 29 in the other case. Both these ages are low compared with the most frequent age of death (65-70 years) or onset (60-70 years) found for bladder tumour in the general population and this fact lends weight to the suspicion that an occupational risk is operating.
Thus we may say that the occupational hazard at work is most intense in Group I, less so, but still definitely present in Group II, and probably still operating in Group III.
The Localization of the Risk to Particular Substances It is now necessary to consider the evidence for the implication of each of these substances as a cause of bladder tumour, again using the death certificate criterion since this is the most precise measure available.
Aniline.-This is considered separately as a special case, since, as will be shown, the effect of the substance is different from that of the remaining three substances.
When the compilation of the nominal roll by member firms was first requested, the possible importance of magenta was not realized, but all manufacturers of magenta are automatically qualified for the nominal roll in virtue of the fact that they must handle aniline, and it is possible to divide the aniline nominal roll into two sections.
(1) That derived from firms where it is known that magenta is not manufactured; (2) that derived from firms where it is known that magenta is manufactured.
Only a small proportion of the names on the second list will have been exposed to the manufacture of magenta. Ranks 1, 2, and 3 of The purification of 3-naphthylamine and benzidine, the total time involved being less than 100 working hours, has apparently caused one case, and longer exposure as a supervising chemist another case.
It is necessary to consider the characteristics of occupational tumours of the bladder in order that the course of events may be understood. The methods of determining the factors at work are technical, and the factors largely interdependent. It is therefore difficult to develop the argument in a strictly logical sequence; some of the characteristics will be used before their meaning is discussed and, in general, the technical process of arriving at the characteristics will be dealt with in the statistical appendix. In these statistical procedures, unless otherwise stated, only the cases derived from Group I a-or 3-naphthylamine, benzidine, or mixed contacts will be used. This is to avoid using a heterogeneous group, and to provide a standard measure of risk. The number of cases in the other two groups is too small to allow statistical conclusions to be drawn about the characteristics of induced tumours, but the cases can be used for comparison with Group I (see Table 9 ).
The first characteristics to be considered will be Fig. 1 shows the percentage at each age group of the total number of deaths in each of these two groups for persons over 20 years of age.
It is shown that these 137 cases from firms in Group I died of bladder tumour at an earlier age than would be expected from the data relating to England and Wales, the most frequent age of death in the occupational group (50-55 years) being 15 years earlier than the most frequent age (65-70 years) in the general population. Thus the occupational hazard produces not only an increased number of deaths from bladder tumour, but also death from this complaint at an earlier age.
It now becomes pertinent to enquire whether this earlier age at death from bladder tumour is due first to a more limited survival time from the outset of the disorder; secondly to a selectively greater susceptibility to the disorder in younger men; and thirdly to a relationship between the age at exposure to risk and the age at onset, or whether some combination of these factors is at work. The first of these hypotheses cannot be tested directly by comparison with survival times since proper hospital records have not been available for a long enough period. An approximate answer can be given by comparing the age at onset of the group of chemical workers with the age at onset of a group of 750 male cases of bladder tumour reported from the Birmingham hospitals between 1936 and 1951. This comparison is given in Fig. 2 , which shows clearly that the movement to lower age groups is still very marked, the most frequent age of onset of the chemical workers in firms in Group I (40-50 years) being 20 years earlier than the most frequent age of onset for Birmingham males (60-70 years In a further six cases induction times were not known.
It is necessary to see whether the variation in induction time is an expression of the dose of the noxious material encountered. If it is such an expression, then men receiving a smaller dose should tend to get tumours after a longer interval, and men receiving a larger dose after a shorter interval. No direct measure of the dosage received is available but it is reasonable to suppose that the length of exposure will be some sort of indication of the amount of the substance encountered. However, there will obviously be a number of patients who have worked in the hazardous environment until the onset of the disorder, and here of course the length of exposure and the induction time will be identical. There will also be a number of men where the induction time exceeds the exposure time. In all, there are 281 cases in Group I where both the exposure and induction times are known. These 281 cases are shown in Table 5 , subdivided into groups according to the length of the two times. The number of cases in each group that would be expected if the exposure time did not affect the induction time has been calculated and is also shown. The method of calculation is discussed in the appendix. There is no trend to suggest that there is an association between short exposure times and long induction times, or vice versa, and the deviations from the expectation are no more than could be reasonably attributed to chance variations of sampling.
Another more approximate measure of the severity of exposure might be the supposition that manufacturers of a substance will be more heavily exposed than users. If this is so and if the severity of exposure did affect the induction time, then the manufacturers should show a preponderance of shorter induction times and a shorter mean induction time. Table 6 shows the number of cases in each group of induction times that would be expected in users if severity of exposure had no effect, and if there were equal numbers of users and manufacturers, and also the number actually found. The observed differences are no greater than could easily occur by chance. The mean induction time of the manufacturing group (17 7 years) does not differ from that of the using group (18-3 years) by more than might occur by chance. Thus it may be concluded that the severity of exposure, as judged by these methods, has no effect on the induction time of the disorder. The mean induction time in Groups II and III combined, where, as will be shown later, the risk is much smaller, does not differ materially from these figures. It would therefore appear that this mean induction time is characteristic of the particular substance concerned, and not dependent on the severity of the exposure. The fact that, within the terms chosen for the analysis, these factors are independent makes it possible to use the observed distribution of the induction times as a basis for calculating the expected appearance of tumours, and the underlying principle of the subsequent analysis rests upon this independence.
Another implication of the independence is that the difference of the mean induction times for anaphthylamine and 3-naphthylamine suggests that the 3-naphthylamine content of the o-isomer may not be the sole active agent, unless oc-naphthylamine exerts a delaying action on the rate of development of 3-naphthylamine tumours. 1910-1919, 1920-1924, 1925-1929 The dotted lines indicate groups combined in carrying out X2 test which is discussed in the statistical appendix. Fig. 8 shows what the result would be if all the men had been exposed to each exposure class for the mean effective exposure time, and, by the use of the potency factors, if all the men were working at the mean potency. This removes chance influences due to the number of men working on a particular substance at a given time, and to different movements of labour that may take place at different times. The incidence in the population at risk entering the relevant occupations at different dates increases, slowly at first, then more sharply, and then again slowly, with the passage of time since starting work. The highest figure reached is about 24%, and a time will come when the final incidence is reached since deaths from all causes will leave no more men in the original population to be affected.
Severity of the
The data that have been collected about the induction times make it possible to calculate a Fig. 8 is derived from the benzidine and mixed exposures classes, though any quantitative estimate of the change should also be treated with reserve.
The theoretical graphs for the mean risk over the whole period conform reasonably closely to the curve that has been found for the exposure classes o-naphthylamine, P-naphthylamine, and (apart from the diminution of risk since 1930 already noted) mixed exposures. In the case of benzidine the scatter of the observed values around the theoretical graph will be seen to be greater. Detailed histories of changes in industrial technique are not available for all firms or for all of the exposure classes, but 68% of the benzidine cases are contributed by one firm, and were engaged in the manufacture of this substance. Scott (1952) has given a historical summary of the manufacture of benzidine by that concern. It is of interest to attempt to correlate this history with the graph of the tumour incidence for the exposure class benzidine, and this is done in Fig. 11 . In drawing the comparison, the assumption has again been made that a change of process will affect men who entered in the five-year period before the change was made, but not men who entered more than five years previously. The figures given are the incidences found expressed as percentages of the incidences that would be expected if the risk had been constant throughout the period. The last three groups are combined because a comparison of cases with very low expectation figures is not precise, since the actual cases can only be whole numbers. There is a suggestion that the isolation of the base, as opposed to the conversion of the sulphate to the base, increases the risk. Such a deduction should be treated with reserve, since this type of analysis can be fallacious. There is not enough evidence to make any comment about the isolation of the hydrochloride. Table 8 . The manufacture of auramine is also under suspicion. Four cases have appeared in auramine workers who have not had contact with either aniline, benzidine, or the naphthylamines, and two cases whose only contact with these substances has been with aniline. Nine other cases had worked on the manufacture of auramine, but also had contact with benzidine, ox-naphthylamine, or 3-naphthylamine. These nine cases were included in their appropriate exposure classes for the last three substances.
Two of the six auramine cases without such contact are still alive and three have bladder tumour death certificates. While it is impossible to say whether this figure represents an excess of cases over what might be expected if no occupational risk were present, unless the size of the population at risk is known, three death certificates seem highly suspicious when it is remembered that the total expectation from the 4,622 men on the combined nominal roll for aniline, benzidine, and x-and ,3-naphthylamine lay between three and five.
Fifteen cases amongst employees of member firms were found who were known not to have had contact with aniline, magenta, auramine, benzidine, or the naphthylamines. Seven of these have bladder tumour death certificates. The processes worked are shown in Table 10 . These numbers are too small to allow a comparison between the age of onset and the age at death with those of the general population to be made, but there is no trend observable in this table to suggest that any of the processes listed there are to be suspected, but it is perhaps relevant to note that Henry, Kennaway, and Kennaway (1931) considered that occupations involving exposure to coal-gas, tar, pitch, or soot carried a risk of occupational tumour of the bladder. Two of the cases listed would fall into this category of worker, rather than into occupations proper to the chemical industry.
There are in addition 36 cases amongst past employees of member firms not participating in the scheme where it has been established that the men never had contact with aniline, auramine, benzidine, x-or P-naphthylamine, and of these, 34 have death auramine, benzidine, a-naphthylamine, or P-naphthylamine than would be expected if they contracted the disease at the average rate for the general population, it is possible to say that the deaths occurred from bladder tumour at an earlier age than would be expected. This suggests that an environmental risk is operating in this group, but there is no evidence of the causes of the risk.
There now remains for consideration a group of cases whose contacts are unknown. These include 65 men whose employers are unknown, 10 men employed by firms no longer existing, three men employed by firms not members of A.B.C.M., and 11 men amongst the cases from participating firms. Of these 89 cases, 81 have death certificates mentioning tumour of the bladder.
The age distribution at death of these 81 cases is also shown in Fig. 12 Case and Pearson (1952) and the unpublished work of Case , quite different protective measures may be needed from those that would be required to prevent contact with the intermediates themselves. A prerequisite of protection is a knowledge of the forces against which protection is required.
Summary and Conclusions This statistical survey demonstrates that contact with benzidine, m-naphthylamine, and ,3-naphthylamine in either manufacture or use causes many more bladder tumours in workmen so exposed than would appear if no special risk was operating. Furthermore, both the onset of and death from these occupational tumours takes place at a much earlier age than in non-occupational cases.
There is no evidence that aniline causes an increased number of bladder tumours in men who manufacture or handle it. There is, however, some evidence to suggest that the manufacture of magenta and auramine may cause tumours, and further details will be published in this journal later.
There is some evidence that work in the chemical industry which does not involve contact with any of these substances may cause earlier deaths from bladder tumour than occur in the general population, although figures are not available to measure whether a greater number of tumours is produced than would occur in the general population. P-Naphthylamine has been the most potent cause of occupational bladder tumours between 1915 and 1951. In those firms which manufacture aniline, benzidine, ox-naphthylamine or P-naphthylamine, the ratios of the potencies of f-naphthylamine, mixed exposures, benzidine, and a-naphthylamine in manufacture or use have been respectively 5*2, 2-7, 1-7, 10. However, when all the cases expected from this group have appeared, this ratio should change to 3-8, 2-0, 1 2, 1 0. This difference of ratio is due to the different times required for the tumours to become manifest.
The tumours appear after an induction period of an average length of 16 years for P-naphthylamine and benzidine and 22 years for oc-naphthylamine. However, tumours may appear in less than two years from the first exposure or after more than 45 years from first exposure. Thus the length of time between the first exposure and the development of a tumour should not be considered as a bar to recognizing the tumour as being of industrial origin.
The average induction time is not appreciably influenced by the severity or duration of the exposure. It therefore appears to be a characteristic of the causal agent. This suggests that it is possible that the 3-naphthylamine content of x-naphthylamine is not the sole causative agent in the latter substance unless it is assumed that a-naphthylamine could retard the production of 3-naphthylamine tumours.
In the largest group available for study, that is the group of firms which manufacture aniline, benzidine, and either ca-or p3-naphthylamine, the final proportion of all workers employed for more than six months who had any contact, in the manufacture or use, with the latter three of these substances was about 20%.
Calculations suggest that, in the absence of any further exposure after 1951, this group of 2,466 men, which has already given rise to 243 cases, may be expected to produce a further 243 cases, making 486 cases in all. This calculation indicates only an approximate expectation, since many relevant conditions may be expected to have altered.
In other words, in this section of the chemical industry (Group I) one in 10 of the men exposed in the way defined above between 1915 and 1950 has already developed bladder tumour, and this figure may be expected to reach one in five before all the men are dead from all causes. The severity of the risk seems to have been mitigated slightly for men employed since 1930, and the data suggest that this comes from a diminution of risk in persons exposed to benzidine and mixed exposures. However, the risk is still such that taking the average post-1930 values, one in six of all men employed in contact with any of these substances may be expected to develop a tumour, whereas before 1930, one in four would be expected to do so. Since these data were collected, the manufacture of P-naphthylamine has been abandoned in Great Britain, and major alterations in techniques of manufacture and handling of a-naphthylamine have been introduced.
The actual risk of developing a tumour is influenced to a small extent by the age at which a man starts work in a hazardous occupation, there being a slightly increased susceptibility in older men. For all practical purposes, however, the age at which he is likely to develop a tumour, if he does so, is almost entirely dependent on the age at which he starts, being on the average 18 years later.
The length of exposure to a hazardous environment affects the chances of a man developing a tumour, but exposures of less than one year to 3-naphthylamine, benzidine, or mixed exposures carry a definite risk. oa-Naphthylamine requires a
